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ABSTRACT 
 
Photodimerization of thymine nucleotide residues is a major contributor to the DNA 
damage in humans.  Model systems mimicking this dimerization can help elucidate the 
mechanisms and product populations in photo reactions. In this work, we used two 
templates, pyromellitic acid (PMA) and diphenic acid (DPA), and two reactive 
components, 3-substituted and 5-substituted 2-pyridones, to explore the conditions for the 
solid state synthesis and reactivity. The templates PMA and DPA serve the same function 
as the DNA backbone in bringing together the pyridones into reactive orientations in the 
solid state. We prepared cocrystals of PMA and DPA with 3-X- and 5-X-2-pyridones (X 
= Cl, CH3, or Br) and analyzed their structures by X-ray diffraction, properties by 
spectroscopic and thermal methods, and reactivity by UV irradiation. We also prepared 
three component solid solutions by complexing PMA and DPA with two different 
pyridones; UV irradiation of these alloys and cocrystals is expected to yield 
multifunctional molecules with full control over their regio- and stereochemistry.  
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1 BACKGROUND AND SCOPE 
 
1.1 Introduction 
  
Many elegant concepts in chemistry are either derived from processes that occur in nature 
or developed to understand and emulate natural functions.1 Supramolecular chemistry,2 
the chemistry of noncovalent bonding, has been conceptualized to rationalize and mimic 
the ion channel properties of membrane proteins. The research described in this thesis 
builds on the concepts of supramolecular chemistry, solid state chemistry3, and organic 
photochemistry.  It is well-known that photodimerization of thymine residues is the major 
reason for DNA damage that occurs when bare skin is exposed to direct sunlight.4 This 
reaction has been widely investigated to understand the mechanism as well as a model 
system to study similar synthetic pathways.5 The thymine-DNA system consists of two 
pyrimidinediones oriented along the DNA backbone such that the thymine residues can 
undergo a [2+2] photodimerization across the double bonds to create a cis-syn dimer 
(Figure 1). This is an intriguing model because it is an example of a templated 
photodimerization, a reaction in which a selected product is formed among several 
possible photoproducts.6  
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Figure 1. Photoreaction responsible for DNA damage. The backbone of DNA orients 
the doubles bonds in thymine residues towards one specific photodimerization product.  
 
1.2 Template and Photoreactive Components 
  
In order to simplify the setup and use more readily available materials, we decided to 
emulate the thymine-DNA system by using cocrystals. These cocrystals are designed 
based on a dicarboxylic acid template molecule and two hydrogen-bonded pyridone 
molecules. We chose two template molecules, pyromelletic acid (PMA, a tetra-acid) and 
diphenic acid (DPA, a diacid), based on previous documented success with this model.7-9 
We used two different types of 2-pyridones—3-X and 5-X pyridones, where X refers to 
bromo, chloro, or a methyl group (Figure 2). We expected that these multiple components 
would allow us to experiment with many different cocrystals; having different 
combinations of components is essential to the success of this project because it is 
possible that certain cocrystal systems may fail to crystallize within the time available for 
conducting this research or some cocrystals that do form can be photoinert.  
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Figure 2. Molecules used to emulate thymine-DNA system. The template molecules, 
pyromellitic acid (PMA) and diphenic acid (DPA), form hydrogen bonds with 
photoreactive components, 5-X pyridones and 3-X pyridones, in the same way DNA 
forms covalent bonds with thymine residues. 
 
Preparation of cocrystals of PMA and DPA with certain 2-pyridones and some 
attempts at their photoreactions have been explored previously. However, while they 
have been subject of some experiments, the ideas of cocrystals and solid solutions 
have never been combined to the extent that we plan to explore. The concept of 
combining photodimerizations with supramolecular solid solutions is unique in the 
sense that these reactions can lead to new uses of existing molecules as well as new 
synthetic pathways of stereospecific products. 
 
1.3 Crystals, Cocrystals, and Solid Solutions 
 
Molecular solids can be crystalline or amorphous. This research deals with the crystalline 
solids that contain single or multiple components and in this context it is useful to define 
the terms molecular crystal, cocrystal and solid solution. In this work, we define a crystal 
as a single component solid in which the component molecules are repeated in three 
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dimensions in a periodic manner. Crystal structure analysis and design have been 
intensively studied for many years to understand packing patterns and synthesize 
functional solids.10 Polymorphism has become an important subset of solid state research 
due to its impact on pharmaceutical and other industries.11 In this context, manipulation 
of solid state properties by incorporating additional components within a single crystal is 
emerging as a major field of research.12  These multicomponent solids can be designed as 
cocrystals or solid solutions (See Figure 3). 
molecular crystal cocrystal solid solution
 
Figure 3. Crystals, cocrystals, and solid solutions. Cocrystals are formed when two or 
more molecules form hydrogen bonds and crystallize, while solid solutions are formed 
when two molecules of similar shape and size crystallize in the same way metals form 
alloys. 
 
Cocrystals are multi-component, crystalline solids that show an ordered, stoichiometric 
distribution of two or more molecules. Cocrystals can have different properties than the 
crystals of individual components, and can be effective in altering the dissolution, 
bioavailability, or other properties of pharmaceutical drugs. Cocrystals can be made from 
two molecules of any shape or size that have complementary hydrogen bond 
functionalities. Cocrystals have different crystal structures than the pure components, 
contain different intermolecular packing patterns, and as such they often exhibit widely 
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different physical properties than the pure components. Several recent examples have 
highlighted the use of cocrystals in drug design and delivery.13-14 
 
Figure 4. A cocrystal of an active pharmaceutical ingredient intermediate with glutaric 
acid. This cocrystal has been shown to have improved in vivo pharmacological 
properties than the pure drug compound. The figure shown is taken from ref. 14. 
 
Solid solutions and cocrystals are similar in that they are crystalline and have the overall 
three-dimensional periodicity, but they differ from each other in several ways. The 
components within the solid solutions are in nonstoichiometric ratios, they are distributed 
randomly throughout the crystal, and they must be of similar size and shape in order to 
form an “organic alloy.” Thermodynamically, solid solutions can be easier to form due to 
entropic gain achieved from the freedom of nonstoichiometric ratios, random distribution, 
and the lack of hydrogen bonds.15 They are akin to metallic alloys in that the different 
components can be added in diverse ratios to achieve different properties, like how Zinc 
and Copper can together form brass of varying density and hardness. The major 
limitation is that two molecules must be of similar size and shape, and given the 
complicated three-dimensional structures of most organic molecules and pharmaceutical 
ingredients it is difficult to identify and synthesize “analogues” of target molecules.  
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1.4 Molecular and Supramolecular Solid Solutions 
 
It is in this context that our group has developed the concept of supramolecular solid 
solutions. The difference between regular and supramolecular solid solutions is that a 
molecular solid solution is comprised of two or more molecules that are of the same 
shape and size. Instead, supramolecular solid solutions are made of supermolecules or 
molecular assemblies that are of the same shape and size. The strategy for forming 
supramolecular solid solutions is shown in Figure 5 using a trimolecular assembly. 
Similar strategy can be applied to any cocrystal system that contains more than one 
molecule. In this strategy, a target molecule (red) is combined with complementary 
molecules (green and blue) to form cocrystals or solid solutions. Because this strategy 
does not require the preparation of analogues of target molecule, it allows the preparation 
of solid solutions of any potential target molecule by adding complementary molecules of 
same size and shape. These complementary molecules can be selected to depending on 
the function one is after. This supramolecular strategy makes it easy to prepare truly 
multi-component solid solutions of binary, ternary, and quaternary nature. In the current 
work, we used pyridones as the peripheral complementary molecules around central acid 
templates, because we intend to create unique photdimerized products that possess 
stereochemical structures that are otherwise difficult or impossible to achieve. 
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binary cocrystal ternary cocrystal ternary solid solution
 
Figure 5. Cocrystals and solid solutions on a supramolecular scale. Supramolecular 
solid solutions are comprised of BAB, CAC, and BAC assemblies in nonstoichiometric 
ratios. 
 
1.5 Photoreactions 
 
Photoreactions occur when high-energy radiation, specifically ultraviolet light, is 
absorbed by molecules and excites valence electrons to a higher energy state. Normally, 
this energy will dissipate in the form of light given off by the excited molecules, but 
occasionally it can be used to perform reactions normally unavailable to the molecules 
when in their grounded state. Molecules in these photo-excited states are open to many 
more photoreactions depending on their unique structure. Some examples include 
electrocyclic ring opening, electrocyclic ring closure, and sigmatropic shifts. The 
photoreaction we will be focusing on, photodimerization, occurs when two excited 
molecules come within close proximity to one another and their pi-systems react, forming 
sigma bonds between the two molecules. 
 
 
  
12 
1.6 Solid State Photodimerization 
 
Intermolecular photoreactions performed in the solid state offer a greater degree of 
control over the product distributions than the corresponding reactions carried out in the 
liquid state. In the liquid state, the reactive molecule adopts several different mutual 
orientations; they are in constant motion. For this reason, it is impossible to predict the  
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Figure 6. The major product of a photodimerization can change depending on the 
state in which the reaction is performed. Solid state reactions provide greater control 
than liquid state reactions, and templated reactions can enhance yield or alter the 
major product. 
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success of an intermolecular photoreaction in this phase. Oftentimes several possible 
photoproducts are formed in the liquid state, and the results from these reactions are 
usually unreliable. The top portion of Figure 6 shows two possible photoproducts from a 
reactive molecule in the liquid state. 
 
Solid state photodimerization allows us to control, to some extent, the major product that 
will be produced due to the reaction. The crystalline form of solids ensures that the 
reactants have a specific orientation and proximity in relation to each other, and that 
proximity helps normalize the reaction and eliminates certain unwanted products from 
being formed.  
 
Despite these benefits, there are still some possible problems with solid state 
photochemistry performed in single component crystals. The maximum allowed distance 
between two pi-systems so as to perform a photodimerization is roughly 4.2 Å, and not all 
crystal structures have their reactive pi-systems within this distance. This is the reason a 
template molecule, like the DNA backbone in the thymine photodimerization, is helpful. 
The template can help narrow the distance between the two pi-systems to within reactive 
proximity or further narrow the distance to enhance yield of photodimerization. In the 
case of PMA and 5-X-pyridones, there is an added benefit that the major photoproduct 
with the template is different than the major photoproduct in liquid state or in the solid 
state of pure component. 
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2 EXPERIMENTAL 
 
2.1 Preparation of Cocrystals and Solid Solutions  
 
Cocrystal formation began with 3-Me and 3-Cl-pyridones and DPA. In a 20-mL glass 
vial, 0.048 g DPA (0.198 mmol) and 0.044 g 3MePy (0.404 mmol) were dissolved in 4 
mL ethanol and allowed to crystallize at room temperature by slow evaporation of the 
solvent. After two to five days, the cocrystals were collected at 55% yield (0.051 g, 0.110 
mmol). The DPA:3ClPy cocrystals were prepared in the same manner. In our first few 
attempts, we did not succeed in crystallizing the 1:1:1 DPA:3MePy:3ClPy ternary solid 
solution from different solvents (ethanol, methanol) or combinations of solvents ( ethanol 
and ether, dichloromethane and methanol). Due to the difficulties in the crystallization of 
this solid solution, this system made it low on our list of priorities, as the solid solution 
was the main reason for attempting a photoreaction. 
 
Results were slightly more favorable with 3-X-pyridones and PMA. In a 20-mL glass 
vial, 0.056 g PMA (0.222 mmol) and 0.047 g 3MePy (0.434 mmol) were dissolved in 5 
mL ethanol and allowed to crystallize at room temperature by slow evaporation. The 
cocrystals were collected at 68% yield. The same procedure was followed for the 
PMA:3ClPy cocrystals and the 1:1:1 PMA:3Me/ClPy solid solution. Unfortunately, 
through single crystal x-ray diffraction, we were able to see that the crystal structure for 
the PMA:3Me/ClPy solid solution was a hydrate, and therefore not a true solid solution 
that is viable for photodimerization in the solid state. 
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The 3-X-pyridones may have supramolecular solid solutions when cocrystallizing with 
DPA and PMA, but standard methods did not seem to yield favorable results. In the 
interest of time, we shifted our focus to 5-X-pyridones, which we hoped would yield the 
supramolecular cocrystals we were looking to photodimerize. To improve our chances of 
success, we added a third substituent, bromine, to the 5-X-pyridone series. The bromo 
substituent is closer to the methyl group in its size but it has similar electronic character 
as the chloro group; in this context we expected that this new substituent would enhance 
the probability of forming solid solutions with both chloro and methyl groups.  
 
Table 1. Attempted cocrystals and solid solutions between templates (DPA and 
PMA) and photoreactive components (3-X- and 5-X-pyridones). Supramolecular 
solid solutions are shaded gray. 
Pyridone DPA PMA 
3MePy 55% yield 68% yield 
3ClPy 61% yield 70% yield 
3Me/ClPy No cocrystal isolated 42% yield (hydrate) 
5MePy 74% yield 85% yield 
5ClPy 70% yield 81% yield 
5BrPy 62% yield 80% yield 
5Me/ClPy 67% yield 76% yield 
5Me/BrPy 59% yield 62% yield 
5Cl/BrPy 67% yield 79% yield 
 
We were able to generate cocrystals for DPA and 5-X-pyridones in the same way we 
formed cocrystals for DPA and 3-X-pyridones, only the process took much less time. 
Unfortunately, generation of solid solutions was a slow process as the components tended 
to precipitate out before any decent crystallization occurred. While we were able to 
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eventually generate all three DPA:5-X-pyridone cocrystals and solid solutions, the 
development took a while to form adequate crystals, and we decided to focus on PMA:5-
X-pyridones in the interest of time. 
 
The PMA:5-X-pyridone system was by far the easiest to develop cocrystals and solid 
solutions. The procedure for crystallization was the same as for the other systems, but any 
attempt at crystallization with 5BrPy was dissolved in ethyl acetate instead of ethanol. 
We applied this change in procedure to the DPA system and later achieved desirable 
results. The PMA:5-X-pyridone system was the fastest system to crystallize and also 
provided the highest yield, so we focused mostly on this system for the photoreaction due 
to the availability of the reactants in larger quantity. 
2.2 Characterization Methods 
 
Several different characterization techniques (IR and NMR spectroscopy, differential 
scanning calorimetry (DSC), and powder and single crystal X-ray diffraction) were used 
to ensure that the cocrystals and solid solutions were formed, and also that the cocrystals 
indeed differed from the solid solutions. Since this work focused heavily on the PMA:5-
X-pyridone system, the majority of the description given below is centered on 
differentiating these cocrystals from the individual components and solid solutions. 
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2.3 Photodimerization 
 
The photoreaction was not ready until after a fair amount of preparation. The UV lamp 
was placed in a pyrex cooling well, which was attached to a circulator that continuously 
pumped water through the well and kept the water at a consistent temperature (10 ºC) to 
keep the lamp from overheating and to prevent any heat-induced reactions from occurring 
in the reactants. The lamp power switch was connected to the circulator so in the event 
that the circulator turned off, power to the lamp was also cut off. A Nitrogen tank nearby  
sent a stream of Nitrogen to the lamp to prevent any oxygen in the atmosphere from 
adversely affecting the UV lamp during the operation. The lamp and reactants were 
covered in aluminum foil to reflect any stray ultraviolet light back into the reactant 
vessel. The entire lamp was placed in a large wooden box to protect the eyes and skin of 
the operator from the UV lamp. 
 
The reactants were prepared for the photodimerization in two ways. The first method was 
grinding the cocrystals and solid solutions into a fine powder and sandwiching them 
between two glass slides, seen in Figure 7. The slides were held together with Scotch tape 
at their four edges and placed directly outside the cooling well by clamps for roughly 96 
hours. The second method involved the same grinding technique, but the powder was 
instead placed into test tubes filled with an inert liquid (iso-octane) in which the reactants 
did not dissolve. A stir bar was dropped in each test tube and a stirring plate was placed 
underneath to keep the reactants in constant motion. The test tube method ran for 72 
hours, interrupted once every day to refill the test tubes with iso-octane and scrape the 
reactants off the inside walls of the tubes. The slides-method seemed to yield better 
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results than the suspension-method, but no products were fully isolated to determine % 
yield. 
 
 
Figure 7. Setup of the photoreaction. The UV lamp is inside the cooling well and a 
stream of nitrogen gas is passed over the lamp. According to 1H-NMR spectra, the 
glass slide method seemed to yield better results than the suspension method. 
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3 RESULTS AND DISCUSSION 
 
3.1 Formation of Cocrystals and Solid Solutions 
 
We prepared all possible cocrystals for PMA:5-X pyridones and DPA:5-X pyridones, of 
which the 5BrPy cocrystals are undocumented as far as we know. Additionally, all the 
solid solutions are unique and their crystal structures have not been documented either. 
Work has been done on PMA:3-X pyridones and DPA:3-X pyridones, but the 
PMA:Me/ClPy hydrate is a new structure that, though unfit for photodimerization, has 
yet to be documented. We were also able to form two crystal structures of the 1:1:3 
PMA:Me/BrPy solid solution, one of which is likely to be photoreactive.  
 
3.2 IR Spectroscopy 
 
Infrared spectroscopy was mostly used to ensure that the results of the cocrystallization 
attempts were different than the individual components. IR was also used to distinguish 
between solid solutions and cocrystals. Cocrystals tend to have IR absorption peaks of 
both components. Solid solutions resemble their cocrystal components much in the same 
way cocrystals resemble their molecular components, but even in the case of 
PMA:5Cl/BrPy, where its cocrystal components have similar electronegativity and 
crystal structure, differences can be seen in the lower fingerprint region that distinguish it 
from either cocrystal. 
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Figure 8. IR spectra of PMA:5-X-pyridone cocrystals and their components. 
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Figure 9. IR spectra of PMA:5-X-pyridone solid solutions compared to pure 
cocrystals. 
 
  
22 
3.3 Differential Scanning Calorimetry 
 
Differential scanning calorimetry (DSC) was used to distinguish each cocrystal and solid 
solution from one another. The hydrogen bond strengths varied between PMA and 
5MePy, 5ClPy, 5BrPy, as well as between all the solid solutions, and as a result the 
temperature at which these hydrogen bonds dissociated changed, allowing us to see clear 
trends in the DSC thermograms. The complex PMA:5BrPy required the most heat, while 
PMA:5MePy was the first to melt. This trend is also visible in the solid solutions, with 
PMA:5Me/ClPy melting before the melting of PMA:5Cl/BrPy. 
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Figure 10. DSC thermograms of all PMA:5-X-pyridone cocrystals and solid 
solutions. The methyl derivative melts first, followed by chloro, and finally bromo 
derivatives. 
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3.4 Powder X-Ray Diffraction 
 
Powder X-ray diffraction was another method used to differentiate cocrystals from solid 
solutions. This data can also be used to differentiate cocrystals from components, though 
time ran short and we believe the differences had been illustrated clearly without the need 
for PXRD patterns.  
5 10 15 20 25 30 35 40 45
PMA MePy
 
5 10 15 20 25 30 35 40 45
PMA ClPy
 
5 10 15 20 25 30 35 40 45
PMA BrPy
 
 
Figure 11. PXRD patterns for PMA:5-X-pyridone cocrystals. 
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Figure 12. PXRD patterns for PMA:5-X-pyridone solid solutions. Note the 
similarities between the methyl cocrystal (Figure 11) and solid solutions as well as 
between the chloro and bromo cocrystals and their solid solution. 
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3.5 1H-NMR Spectroscopy 
 
Proton NMR spectra were used for two specific reasons. The first was to ensure that the 
relative intensities of proton signals matched with the expected products (e.g., 1:4 PMA-
5ClPy), and not other possible cocrystals (1:2 PMA:5ClPy) or physical mixtures. 
Secondly, the NMR spectra of pre- and post-photoreaction would be the easiest and most 
helpful of our characterization tests to compare products and yields. For consistency, the 
spectra were plotted from 9-5 ppm; the majority of the distinguishing proton signals in 
the cocrystals and solid solutions appeared in this region. 
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Figure 13. 1H-NMR spectra for all PMA:5-X-pyridone cocrystals and solid 
solutions. In cocrystals, the integration of the pyridone signals is twice that of the 
template signal. In the solid solutions, there are two different pyridones, so all 
integrals have approximately same value.  
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3.6 Single Crystal X-Ray Diffraction 
 
The single crystal X-ray diffraction analysis provided us with the most concrete data that 
we had indeed created the desired cocrystals and solid solutions. Table 2 shows the axial 
distances and inter-axial angles of each unit cell. The single crystal X-ray also elucidated 
the actual structure of each cocrystal and solid solution, showing that the PMA:5MePy 
crystal structure was unique from the halogen cocrystals in that the template molecule 
and pyridones are twisted along different planes, leading to a greater separation between 
the two hydrogen bonded pyridones. In contrast, the halogen atoms in PMA:ClPy, 
PMA:BrPy cocrystals, and PMA:Cl/BrPy solid solution are all hydrogen bonded to the 
acidic C–H protons on pyromellitic acid, which not only keeps both template and 
pyridone in the same plane, but also shortens the distance between the two photodimer-
ready pyridones. Unfortunately, the crystal structure for PMA:5MePy has been proven 
photoinert8, and it is expected that the solid solutions that share the same structure would 
also resist photodimerization.  
 
Table 2. Unit cell parameters for cocrystals and solid solutions formed from PMA 
and 5-X-pyridones. The C2/c structures have been proven photoreactive, while the 
P-1 structures are not. 
 
 
 
Name spgr a (Å) b (Å) c (Å) α (°) β (°) γ (°) V (Å3) 
PMA-Cl C2/c 22.073  10.168 14.327 90.00 90.27 90.00 3215.6 
PMA-Me P-1 8.243 9.338 10.951 94.52 104.66 95.24 807.5 
PMA-Br C2/c 22.388 10.248 14.344 90.00 90.39 90.00 3290.9 
PMA-Cl-Me P-1 6.89 10.74 11.80 97.38 100.49 106.25 810.7 
PMA-Cl-Br C2/c 10.22 22.25 14.32 90.00 89.96 90.00 3258.3 
PMA-Me-Br P-1 6.866 10.690 11.901 97.74 100.68 105.57 811.07 
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PMA-5MePy
 
PMA-5ClPy
 
PMA-5BrPy
 
Figure 14. Core assemblies of all PMA:5-X-pyridone cocrystals. The structures of 
PMA:5ClPy and PMA:5BrPy are very similar, while PMA:5MePy has slightly 
different hydrogen bonds and a longer separation between the pyridones. 
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PMA-5MeClPy
 
PMA-5MeBrPy
 
 
 
Figure 15. Core assemblies of two of the PMA:5-X-pyridone solid solutions 
(PMA:Cl/BrPy not shown). The X-ray diffraction is a time and space averaged 
method; it cannot discern individual assemblies. Consequently, the overall structures 
appear as a composite of overlapped substituents. 
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PMA-5MePy
PMA-5MeClPy
PMA-5MeBrPy
 
 
 
PMA-5ClPy
     
PMA-5BrPy
 
 
 
 
Figure 16. Unit cells of PMA:5-X-pyridone cocrystals and solid solutions (PMA: 
Cl/BrPy not shown). The unit cells for the halogen cocrystals and solid solution are 
thinner due to the C-H···X interactions between the template and pyridones. Though 
the PMA:5Me/BrPy displays some of this hydrogen bonding, it is not strong enough 
to adopt the chloro or bromo structure. 
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3.7 Photodimerization 
 
The first two samples for photodimerization were the PMA:5BrPy cocrystal and the 
PMA:5Cl/BrPy solid solution. The crude post photoreaction product was tested with 
TLC. The TLC shows a spot at a short wave UV exposure around the same Rf as one of 
the spots for the reactants in a 50-50 methanol-dichloromethane eluent system. A 1H-
NMR spectrum of the crude product clearly shows new signals in the spectrum. The 
DPA:5BrPy cocrystal and the DPA:5Cl/BrPy solid solution were also run in the 
photoreaction, and showed similar preliminary results as the PMA samples did. 
 
Though we were unable to isolate the photodimerization products, the actual reaction has 
proven to be successful. As a solid state templated photodimerization, we expect few 
different products, and according to 1H-NMR, we have no more than two products. The 
reaction was successful for both the PMA:5BrPy cocrystal and the PMA:5Cl/BrPy solid 
solution, of which the [4+4] cis-syn dimer has not been reported. The same is the case for 
the DPA:5BrPy cocrystal and the DPA:5Cl/BrPy solid solution with regard to a [2+2] 
trans-anti dimer. 
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Figure 17. Post-photoreaction 1H-NMR spectra of the PMA:5BrPy cocrystal and the 
PMA:5Cl/BrPy solid solution. The signals marked with black are from reactants, 
while the predicted structure and corresponding signals are marked in color. 
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4 CONCLUSIONS 
 
We have proven that the concept of supramolecular solid solutions is a reliable and 
feasible practice that could have broad effects in the realm of crystal engineering. 
Furthermore, the DNA-thymine photodimerization model can be used to restrict 
photodimerization products and theoretically increase yield of otherwise difficult to 
obtain photoproducts. In the case of 5-X-2-pyridones, the templated cocrystal produces a 
different major product than the regular crystal form does. The template also allows for 
the photodimerization of different pyridones to create stereospecific products that would 
otherwise be difficult to synthesize. 
 
Currently, our efforts are centered on isolating the photoproducts of PMA:5BrPy and 
PMA:5Cl/BrPy. Other options to be explored are different, less polar solvent systems for 
elution in column chromatography or HPLC. In addition, we are working to increase the 
yield of the photodimerization by changing the UV lamp with higher wattage, altering 
our sample preparation, or both. 
 
These concepts can be taken further with exploration of the 3-X pyridone systems. 
Though the PMA:3Me/ClPy hydrate is most likely photoinert, there is a possibility it 
exists as a non-hydrate which could be photoreactive. Though we were unable to 
crystallize the DPA:3Me/ClPy solid solution, it remains a possible subject of 
photodimerization. We were also able to form a new crystal structure of the 
PMA:5Me/BrPy solid solution by changing the ratio of pyridones from 50%-MePy/50%-
BrPy to 25%-MePy/75%-BrPy. This new structure is similar to that of the PMA:5BrPy 
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cocrystal, suggesting it is similarly photoreactive. This simple change in composition is 
just the tip of the iceberg in terms of the versatility of supramolecular solid solutions, and 
the same behavior is likely to occur with the PMA:5Me/ClPy solid solution. The primary 
objective of this thesis is to show the vast possibilities that supramolecular solid solutions 
can offer the world of chemistry; we believe we have begun the first steps in achieving 
our goal. 
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6 APPENDICES 
 
Appendix 1: DSC Thermograms 
 
 
 
 
 
-8
-7
-6
-5
-4
-3
-2
-1
0
1
2
25 75 125 175 225 275
PMA- MePy 
  
37 
 
 
 
 
 
 
-16
-14
-12
-10
-8
-6
-4
-2
0
2
25 75 125 175 225 275
PMA-ClPy 
-30
-25
-20
-15
-10
-5
0
5
25 75 125 175 225 275
PMA-BrPy 
  
38 
 
 
 
 
 
 
-9
-8
-7
-6
-5
-4
-3
-2
-1
0
1
2
25 75 125 175 225 275
PMA-MeClPy 
-45
-40
-35
-30
-25
-20
-15
-10
-5
0
5
25 75 125 175 225 275
PMA-MeBrPy 
  
39 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-45
-40
-35
-30
-25
-20
-15
-10
-5
0
5
25 75 125 175 225 275
PMA-ClBrPy 
  
40 
Appendix 2: 1H-NMR Spectra 
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